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INTRODUCTION 

Recent work done by the Science and Technology 
Task Force of the President's National Crime Com­
mission included several studies and recommendations 
which deal with the application of digital computers 
to the law enforcement and criminal justice fields. 1 

A study by C. \Valston reviewed the present range of 
police computer applications; work by the author and 
others described an approach to the development of a 
police command and control system; while work by R. 
Finkler and others described a computer-based criminal 
justice information system. Early in the Commission's 
efforts it became apparent that the area of crime is 
characterized by few reliable statistics and even fewer 
analytically based iUles of proced ure. It is the purpose 
of this paper to bring appropriate probiems within the 
law enforcement area to the attention of the analytical 
community of computer personnel and to describe an 
approach to solving one of these problems. 

The area of concern can be termed police manage­
ment decision-making and can be structured into two 
general problem areas: planning and operations. As we 
shaH sec, the range of the specific problems covers a 
wide gamut of Operations Research/Management Sci­
ence activities. However, even though some of the 
problems "look familiar", little has been done to de-

,&,. C\ ve!op an analytical structure for these problems within 
~ the field of' law enforcement. 

, l'tr'\, In the domain of planning we find the police faced 

. V " with the follo'Ning problems: 
1. For given demographic parameters-population, 

, ~ level of crime, urban configuration, etc.-how many 
~ full .. time employees should a police department have 
~ and how should they be distributed between patrol, 
.... ~ detective and ad,ministrative divisions'? We find, as a 
~ rule of thumb, that the poller.: force (;1 ,large urba~ areas 
~onsists of about 4 employees per lOUD populatlOn and 

ranges down to about 1 employee per 1000 population 
in the ~malt cities ~md towns. 2 
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2. Given a forre level, how should the manpower 
be allocated to police districts, shifts and beats over 
time? Here a key input is the level of crime by type 
per district and the time necessary to service the differ­
ent crime types. Recent work by Crowther attacks this 
problem using q uetleing and forecasting techniques.;) 

3. How do we measure a police department's ef­
fectiveness? Unlike profit-making organizations, the 
activities of a police department in terms of service to 
the community cannot be measured in dollars. This 
problem is compounded by the lack of consensus on 
what the police should be doing, i.e. what is their 
job? 

4. How should a city be divided into police dis­
tricts based on demographic and geographic parameters? 
Should a beat have a one or two-mall car, foot patrol 
or scooter patrol? 

5. How should a police district be broken down 
into individual police patr01 beats so that each patrol 
unit has equal work level? The work lev"l should be 
divided into answering calls for service and preventiLive 
patrol. In what proportion should the division lake? 
An an~lytical approach to beat configuration is dis­
cussed below. 

6. In the long-range planning area we need to 
determine manj:.ower levels, location of new facilities, 
contingency riot and other emcrgency plans, eq uipment 
needs, etc. Law enforcement agencies are faced with the 
full set of planning problems encountered by most 
service organizations. As noted above, however, the 
measure of s:~rvice or "profitability" of lawenforcement 
agencies is an open question. 

In the operational area we have the following prob­
lems: 

L How to identify a particular pattern of crime 
which is related to the same criminal or set of criminals'? 

2. Given that we have identified a particular crime 
pattern, how do we identify a probable set of suspects? 

If you have issues viewing or accessing this file contact us at NCJRS.gov.
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3. Given someone who has been arrested, how can 
we determine which crimes (if any) are associated 
with the suspect? 

4. With regard to the geographic distributIOn of 
crime, how can we best pre-po~ltion special patrols in 
order to increase the probability of apprehension? 

How should regular patrols cover their assigned beats 
in order to increase the probability of apprehension and 
to increase the patrols' deterrer.t power? This latter 
approach, termed dynamic patrol, can be thought of 
as the development of a random patrol strategy based 
on the time distribution of crimes.4 , 5 

5. How should the limited investigative effort be 
allocated and to which crimes? A preliminary study by 
H. Isaacs for the Crime Commission reveals that the 
investigative force usually works on those crimes which 
have a solid clue e.g., named suspect, auto license 
plate number, and do little Sherlock Holmes type work 
on the run-of-the-mill crime. Work by Will mer dis­
cusses an information theory approach to the val ue of 
clues in police investigations. 6 

6. Given a call for police services, which unit 
should be selected to respond? As police forces respopc:l 
to such calls, how should the remaining forces be 
dynamically re-allocated based on current and expected 
demands? 

Many of the above problems fall into the realm of 
Operations Research and the reader is referred to the 
bibliography for discllssions on these and other problems 

in the law enforcement field. In particular, we shall 
discuss the work by Hess, et al as it relates to one of 
the above problems-the determination of patrol beats 
-and describe some computational results. 7 

Structuring of Police Beats 

The basic problem is as follows: Given k patrol 
units to be assigned during a patrol shift, how should 
the k corresponding patrol beats be determined so 
that each patrol unit will, on the average, have the 
same workload? The area of a patrol beat must be 
contiguous to itself and of such a shape to allow for 
efficient patrol and response tactics. (A long, narrow 
beat or a star-shaped beat would not be too efficient. 
Preliminary studies by R. Larson have demonstrated 
the advantage of square-shaped beats.s Of course, 
geographical and political constraints often help shupe 
a beat.) 

The Intcrnatipnal Association of Chiefs of Police 
(IACP) recommends taking each zone of the cityc­
usually census tracts-and measuring in some sense, the 
total crime workload in each zone. Then, using heuris­
tics, combimng the tracts to form k contiguous beats 
having approximately the same relative workload. To 

determine the workload for a tract, weights are given 
to the various incidents (investigate a criminal act, 
arrest of a suspect) to yield the weighted workload for 
a tract. The weights tend to reflect the importance of 
the incident and the time required by a patrol unit 
to process the incident. (We assume we have already 
determi ned that for a particular shift, the total ex­
pected workload for the city requires k patrol units. 
This determination is, of course, a challenging problem 
in itself.) The IACP uses the following weights: 

Type of Incident 

Criminal Homicide 
Forcible Rape 
Robbery 
Aggravated Assault 
Burglary 
Larceny 
Auto Theft 
All Other Offenses 
Arrests for all offenses 

except drunkeness 
Traffic Accidents 
Arrests for Drunkeness 
Miscellaneous Police Services 

Relative \Veight 

4 

4 
4 
4 
4 

4 
4 
3 

2 
2 

The first seven types of incidents are called Index 
Crimes as they represent the main categories of crimes 
reported in the FBI's Uniform Crime Report. 

Our approach to the determination of patrol beats 
is to attempt to employ analytical procedures for the 
structuring of the k beats. The development of such 
procedures will become more important as police de­
partments move into real-time computer-ba"ed systems 
for the reporting and dispatching functions. Such sys­
tems will enable the capturing and analysis of the 
necessary data for more frequent updating of patrol 
procedures. Thus, to make dynamic and effective use 
of such data, a wide range of analytical procedures 
which address the problems discussed above is a must. 
New York City's planned Project SPRINT (Special 
Police Radio Inquiry Network) is the first of such 
computer-based systems. 

From the field of Operations Research we find a 
situation analogous to the determination of patrol 
beats, the warehouse location problem. Here, we wish 
to locate a specified number of warehouses and 
assign customers to each warehouse such that the total 
cost of servicing the customers from their assigned 
warehoLlses is minimized. Here the cost l!ould illclude 
transportation, delivery and cLlstomer relations. This 
problem definition ilas recently been extended to in­
clude the problem of reapportioning a state into legis .. 
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lative political districts. 7 The problem is to locate a 
specified number of district centers and assign popula­
tion units to each district such that the assigned dis­
trict population must be nearly equal-the one man, 
one vote concept. The cost, or more correctly, the 
measure of effectiveness of a set of centers and assign­
ments was taken to be the population moment of in-

. ertia, i.e. minimize the sum of the squared distaI1ce 
of each person to his district center. The compuUttional 
procedure must, along with the measure of effectiveness, 
allow for the need for contiguous districts (no gerry­
manders) and for compact districts (more square than 
rectangular). We prepose to extend this formulation 
and associated computational proced ure to the struc-
turing of police beats. 

Mathematically, the problem can be formulated as 
an integer programming problem, Hess, et aI, although 
the formulation does not necessarily take care of the 
contiguity requirement.7 This requirement causes the 
computational procedure used by Hess, et al to be a 
combinatlOn of an analytical pl'oced ure (basically the 
transportation algorithm) and an automated heuristic 
adjustment. In terms of weighted crime, using their 
formulation, we can state the problem as 

Minimize 
n n 
}; }; (dijc) xi} 

i=1 j=1 

subject to 

n 
}; xi) 

i=1 
n 
}; Xii =k 

i= I 
n 
}; 

j=1 
n 
z: 

j=1 

where 

bC 
Cjxij :5.-k-x;i 

Xi) = 0 or 1, 

j = 1,2, ... ,lI 

i = 1,2, ... ,n 

= 1,2, .. ",n 

k = number oj beats (0 be assigned 

n = number oj census tracts in cit)' 

= {

I if tract 1) is assigned (0 

centered about tract T; 
o otherwise 

t he beat 

= the weighted crime workload in 1), e.g. 
if [p) = lel'el oj crime incident p ill 1) 
then Cj = 2W,Jp,' where wp is the lI'eight 

p 
oj the plh incident. 

n 
C = I c) 

j=l 
(otal weighted crime ill cit)' 

C 
k 

a 

b 

= m'erage weighted crime per beat 

= faclOr for minimum alloll'able crime in a 
beat with respect to (J\'erage crime per beal. 

= factor for maximum allolrable crime in a 
beal with respect to GI'erage crime per befit. 

= distance betll'een cellters oj T, alld 1) 
census tracts. 

dijc) = moment of inertia oj the weighted crimes 
in 1) about the center oj tract i. 

O\..r measure of effectiveness is then 1 :E (dij c,) xlj' 
I J 

which can be interpreted as the total moment of 
inertia of the weighted crimes about the k centers. (We 
assume that a beat center will also be the center of 
some tract T;.) 

We propose not to solve the integer problem, but to 
apply the analytic-heuristic procedure of Hess, et al to a 
particular city using actual crime statistics. We used 
data from the 1966 annual report of the Cleveland 
Police Department. Our approach was to employ a 
nUll1ber of different measures of effectiveness \vhich 
relate total cri me, population, and area of each census 
tract interpreted as an appropriate moment of inertia. 
The results, compared to the actual 1966 beat struc­
tures, are shown below. 

Computational Results 
Again, the basic problem is to combine the census 

tracts of the City of Cleveland, Figure 1, to form 
contiguolls and compact beats. Figure 1 also shows the 
actual boundaries of the 1966 beats. There were a total 
k = 58 beats and n = 205 census tracts to assign. 
Tables la and 1 b show the number and percentage of 
index crimes in each of the 1966 beats and the ranking 
position in terms of index crimes. The reader will note 
the wide variations in terms of crime rate, population 
and area of the beats. Table 2a and 2b show the level 
of index crimes in each census tract. In our computa­
tions we used five measuTt"" of the workload for a 
census tract: number of inJex crimes, population, area, 
level of crime multiplied by the population, and the 
level of crime multiplied by the area. It is felt that the 
workload in a patrol beat is some function of these 
three elements-plus related demographic and geographic 
data. We have used these rather basic measures as a 
start in order to obtain more experience on how the 
analytIc-heuristic proced ure develops contiguous and 
comparable beats. In the computations, we kept the 

.' 
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Census Tracts in Cleveland, Ohio 
and 1966 Police Beats 

same six police districts as stipulated by the Cleveland 
police and attempted to readjust the beats in these 
districts in a more equitable fashion. We have not 
attempted to construct beats based on any geographi­
cal, political or other considerations. Some such con­
straints could be taken care of, e.g. two tracts not in 
the same beat by adjustment of the dl}' s. 

The results of a complete ~t of computations for 
district 2 with nine police beats arc shown in figures 
2 through 7. Figure 2 is the actual 1966 police beats, 
while the other figures show the proposed beats for the 
different measures. The computational procedure for 
this district yielded contiguous beats, although there 
were some minor non-contiguous aspccts in a few beats 
in other districts. For comparison purposes, we show 
in Table J the total number of index crimes in each 
beat of district 2 for the actual 1966 beats and the 
beats developed based on equal crime. (Due to different 
population and unavailability of data, such comparisons 
cannol be made for the other measures.) Table 4 shows 
for the five measures the amount of the total measure 
for each of the nine beats. 

.', 
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.r 
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District 2 

particular, our next course of research will be based on 
the following approach and equipment. 

An existing land use and demographic data base for 
the city of Alexandria, Virginia has been adapted for 
use with the corresponding city map by the addition 
of coordinate indexing techniques. The xy coordinates 
of the centroids of street intersections and points along 
street sections were digitized directly from the city map 
using an IBM 1050 Communication System and an 
A..uto-trol Coordinate Reader connected to an IBM 
System 360. Three basic files were constructed which 
can be manipulated using an extended general purpose 
file-handling system. Two of these files are organizcd 
by street section, one containing public works da~a 

and one containing demographic data. The third file 
contains data relative to each land parcel. The public 
works file inel udes data on the physical characteristics 
of the streets such as dimensions, surface characteristics, 
signalization, traffic capacity, traffic density, and park­
ing facil ities. The demographic file contams quarterly 
statistics on crime by erime type, welfare, and health. 
It has been or,eanized so that it can be analyzed in 
conjunction with census data aggregated to the block 
face adjoining each side of the street. The parcel file 

... ... 

Figure 2. 
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contains data on property values, zoning, land use, 
dwelling units, and structures. A drum plotter (Model 
345 Delta Incremental Plotter) will be added to the 
equipment configuration to provide a graphic output 
capability. This output will be in the form of maps, 
charts, line drawings, etc. 

This configuration, in combination with the patrol 
beat algorithm, will enable the police beat planner to 
work directly with the true map of his city or police 
district in question. He can input the xy coordinates 
of the proposed beat centers by use of the "cross­
hair" marker of the coordinate reader applied to the 
map and obtain a set of beat overlays from the output 
drum plotter. If contiguity or other considerations 
cause him to change a beat center, this can be immed­
iately accomplished by the coordinate reader, and new 
overlays developed. 

In addition to the above equipment, the present 
configuration also includes an IBM 1092 16-column 
progrum function keyboard. In order to allow the 
police planner (and other users) Oexibility in develop­
ing the proper measures of effectiveness, each column 
can be assigned a particular demographic or other 
element (e.g, murder, street miles, welfare cases) and Figure 3. 

---_._----
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measure 
criteria. 

On the ,DJYisiol1 of Police Districts into Patrol Beats 

Figure 4, 



." 
QQ' 
c .... 
co 
l.Il 

Census Tracts in Cleveland, Ohio 
Police Beats Based on Equal Area 
District 2 

• ~.O-'~ __ '''' __ • _ 

N 

~ . 

"'" -.l 
0 

'"0 .., 
0 
n 
r:> 
r:> 
c.. 
::J 

TO 
til 

I ..... 
\0 
0-
00 

>-
(") 

$ 

z 
e o· 
::J 

I~ 
(") 
0 
::J ..., 
'" ., 
r:> 
;::I 
n 
It> 

", ... 



Census Tracts in Cleveland, Ohio 
Police Beats Based on Equal Crime Times Population 
District 2 

N 

~ 
'Tl ~. '~ .•.. ' , ~;' _. 6 

'2 . . . G7 :::. .... . ~ 
r.l C.2 C'3 f:) 

'" '""'- ~, .. -' 9. 

.;. 

::n­
o 
::J 

o ..., 
-e 
c 
,., 
~ 

o 
~ 
:1. 
~ 
'J: 

r~' 
-e 
~ ., 
o 

0; ,., 
::.> 
7-

,j... 

-...l 

II •• ~.,~ 

, . . 



." 
00' 
c 
o 
-.I 

Census Tracts In 
Police Beats Based on 
District 2 

/1 

Cleveland, Ohio 
~\ Equal Crime Times Area 

N 

~ . 
..4 

, i 

~ 
-...J 
N 

I 

I~ 
rt> 
rt> 
0... 
S' 

(TQ 
til 

I -\0 
0\ 
00 

::> 
(") 

~ 
:z 
:.l .... 
0' 

I ~~ 
(") 
0 
::l -. r-.., 
ro 
::I 
n 
('!) 

'a. ..... 



• 
~ 1 On the Division of Police Districts into Patrol Beats 

------------------~~~ 
473 

TABLE 3 

No. of Index Crimes Per Beot (Dhtrlct 2) 

Beats 1966 Actual Equal Crime (Fig. 3) 

539 453 
2 429 429 

'3 531 460 

4 520 373 

5 545 400 

6 571 478 

7 277 477 

8 291 435 
9 186 421 

3,889~' 3,926* 

*Difference in totals attributed to errors in data preparation. 
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